Abstract: Phytochemical investigation of the aerial parts of Euphorbia sikkimensis led to the isolation of one new diterpenoids, named sikkimenoid E (1), together with thirteen other known compounds (2-14). Their structures were established by means of spectroscopic methods. Compound 2 was identified to be a trinortriterpenoid, and derived for the first time from a natural source. In this paper we reveal for the first time its comprehensive spectral data and NMR spectral assignment. Compound 4 showed antiangiogenic activity with an IC 50 value of 5.66 μM in a zebrafish model, and compounds 5 and 6 exhibited cytotoxicity toward A549 cell line with IC 50 values of 12.12 and 6.45 μM, respectively.
Introduction
Plants of the genus Euphorbia are well known for their chemical diversity of their isoprenoid constituents. Terpenoids with different core frameworks perform extensive activities, such as anti-proliferation, modulability of multidrug resistance, cytotoxic activity, antimicrobial and anti-inflammatory bioactivities. 1 Also, the roots of Euphorbia sikkimensis Boiss have been used in traditional Chinese medicine, for the treatment of poisoning, malaria, rheumatism, and other disorders. 2 Previous studies on this plant have resulted in the isolation of four jatropholane-type diterpenoids. 3 Our continuing phytochemical investigation on the aerial parts of E. sikkimensis led to the isolation of a new diterpenoid, named sikkimenoid E (1), along with thirteen known compounds (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Compound 2 was revealed as a trinortriterpenoid derived from the oxidation of 3S,24S,25-trihydroxytirucall-7-ene, and until recently, only its mass spectrometry data had been reported. 4 Other known compounds were identified as 8-geranyloxypsolaren (3), 5 (-)-bornyl ferulate (4), 6 isopimara-8 (14) ,15-dien-3-one (5), 7 10-hydroxydepressin (6), 8 *To whom correspondence should be addressed. E-mail: li_xiaoli11@mail.kib.ac.cn 15 and peplusol (14) . 16 All isolated compounds were evaluated for their anti-angiogenic activities using a zebrafish model and also for their cytotoxic potential against human lung cancer cells A549. In this paper, we report the isolation, structure elucidation and biological activities of these compounds.
Results and Discussion
Compound 18 while coupling constants of E,E or E,Z-configuration are normally J 2,3 = 15.2 Hz. 17 In the case of 1, J 2',3' = 15.3 Hz, J 2",3" = 15.2 Hz, corresponding to a trans double bond between C-2' and C-3', and between C-2" and C-3". In addition, another difference between E,E and E,Z-configuration of conjugated double bonds was the chemical shifts of H-5, normally δ H-5 of E,Z-configuration was about 5.90 ppm, while δ H-5 of E,Econfiguration was about 6.20 ppm. 17, 18 Chemical shifts of 5' (δ H 5.89) and 5" (δ H 6.19) of 1 indicating that double bond between C-4' and C-5' was cis, and that of between C-4" and C-5" was trans, which was also support by the observed ROESY correlation of H-4' with H-5' (Figure 3) . The observed ROESY correlations of H-8 with Me-17; of H-13 with H-14; of Me-16 with H-13 and H-14; of H-13 with Me-18 and of Me-18 with H-1 suggested that the stereochemistry of ingenane diterpenoid part in 1 was the same as ingenol-3,5,20-triacetate, which was established by the single-crystal X-ray crystallography. 19 Therefore, the structure of 1 was determined (Table 2) 
Comparison of the NMR data of 2 with those of cornusalterin J suggested that they share the same lanostane skeleton. 20 The differences could be rationalized to the changes of the side chain, of which the structural part from C-23 to C-27 in cornusalterin J was replaced by a methylene and an aldehyde group in 2. This deduction was confirmed by the 1 From a literature research, compound 2 was only recorded in one reference, which was derived from oxidation of 3S,24S,25-trihydroxytirucall-7-ene. 4 Therefore, this is first report of 2 found from a nature source and given a trivial name sikkimenoid F.
All the compounds were tested for their cytotoxicity against the human lung cancer cells A549 by the MTT method, with 5-FU used as a positive control (IC 50 17.28 μM). 21 Compounds 5 and 6 exhibited cytotoxicity toward A549 cell line with IC 50 values of 12.12 and 6.45 μM, respectively. In addition, the anti-angiogenic activities of all compounds were further evaluated using a zebrafish model in terms of the inhibition of the growth of intersegmental vessels, using PTK787 as a positive control (IC 50 0.23 μM). 22 The results showed that intersegmental vessels of embryo treated with compound 4 were significantly fewer than those of the control (0.2% DMSO in sterile salt water), and the reduction was dose dependent, and with an IC 50 value of 5.66 μM. It's the first time that the anti-angiogenic activity of compound 4 and the cytotoxicities of compounds 5 and 6 against A549 cell line were reported.
Experimental Section
General Experimental Procedures. Optical rotations were measured on a JASCO P-1020 digital polarimeter. UV spectra were obtained using a Shimadzu UV-2401A spectrophotometer. IR spectra were obtained on a Bruker Tenor 27 spectrometer with KBr pellets. 1D and 2D NMR spectra were recorded on Bruker AM-400, DRX-500 or AV Ⅲ-600 spectrometers with TMS used as an internal standard. ESIMS spectra were performed on a Finnigan MAT 90 instrument, EI and HREI spectra were recorded on a Waters AutoSpec Premier P776 instrument. Column chromatography was performed on Extraction and Isolation. The dried and powdered aerial parts of E. sikkimensis (11 kg) were extracted with 90% EtOH Cytotoxicity Assay. 21 Compounds 1-14 were tested for their cytotoxicity against human lung cancer cell line A549 by the MTT method, and 5-FU was used as a positive control. Briefly, 100 μL cell suspension (1 × 10 5 cells/mL) was seeded into 96-well microtiter plates and cultured for 24 h before the compound was added. Then, different concentrations of the compounds were added to the plates, the cells were cultivated for 48 h, and 10 μL of MTT (5 mg/mL) was added to each well. After 4 h, the culture medium was removed and the formazan crystal was completely dissolved with 150 μL DMSO to each well by vigorously shaking the plate. Finally, formazan absorbance was assessed by a BioRad microplate reader at 570 nm. Antiangiogenesis Assay. 22 Stock solutions (20 mg/mL) of all samples were prepared by dissolving the test compounds in 100% DMSO. These solutions were diluted in sterile salt water (5 mM NaCl, 0.17 mM KCl, 0.4 mM CaCl 2 , 0.16 mM MgSO 4 ) to obtain final solutions of various concentrations in 0.2% DMSO. Aliquots were placed into 24-well plates, and embryos (TG[VEGFR2:GRCFP]) at 24 hpf (hours postfertilization) were also transferred randomly into the above wells.
Control embryos were treated with the equivalent amount of DMSO solutions. All embryos were incubated at 28.5 °C. After 48 h treatment, the intersegmental vessels of embryos were visualized with green fluorescent protein labeling and endogenous alkaline phosphatase staining. The antiangiogenic activities of compounds were calculated from the inhibition ratio of anti-angiogenesis.
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